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(54) ADAPTIVE WAVEFORM EQUALIZER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce square 
difference between a reference signal and an output 
level by calculating optimum number of taps and tap 
coefficient from the delay of the reflected wave of an 
input signal so as to change a digital filter to the 
optimum number of taps. 

SOLUTION: A delay calculation part 24 calculates the 
delay quantity of the reflected wave of the input signal 
from the input signal inputted to an input terminal 1 1 and 
the reference signal inputted to an input terminal 21. An 
optimum number of taps calculation part 25 calculates 
the optimal number of taps responding to the input 
signal from the delay quantity of the reflected wave of 
the calculated input signal and sends information on the 
optimum number of taps. Thereby a variable digital filter 
part 22 switches the number of the taps of the digital 
filter to the optimum number of taps and a waveform- 
equalized algorithm part 23 calculates the tap coefficient 
of the optimum number of taps and writes the tap 

coefficient in the variable digital filter part 22. Consequently the input signal is waveform- 
equalized by the optimum number of taps to reduce the square difference between the 
reference signal and the output level of the digital filter. 
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ty^-^770fil?:cttl.t. tl^77Htm 
(i. Kit CS4 3 tcj: *)*tht=tih. 

[0036] 

[»4] 
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[00 37] ■irLX. mm? yT&Otit«£nr^ ^ ^ 
?)Vy 4lV?&2 2&(/mmmtTJl'd , >JX£.U2 31Z 

?tz. i^'?JVy h JV?<D? yy^imm? yXmz 

W*)WLh. W&mtT)V3VXl±&2 3X'\t. 

< i/?)Vy <)V?U2 2£.tt-fhmm? yT®.<?>? v7 

zojidiz. mm?-yy§n<?>mmzm 

IX, mm? •vy'mzq)r)mb~>tz5?g.y : 4 : J?iVy j 
)V?U2 2t,Z&^XWffimtT)V-dyXJ± : gl2 3frh<r> 

^^gmit^m^ttz ttfx*h. 
[0038] m2Rx/m3 z&m lx . m i ic* 

-T^-r -f i??)Vy * ju?U 2 2<nmMtcm6L<r>mz~o 

^xmmth. m2\±mii,z^»rgrr < ij?)\sy 
?®nwm%mfttc?)-mz7sk^-y'u>y?mx't>2>. t 
■*\ m2iza^x. 1 1 immmmizm-z a^ss 

^ 3 K4fiiS^-y7^»fflg|5*^OA*^, 12li 

JBAHK 5 -. 3 2<±iJ^co?-yXIfcO#i&6?gifc07-*4 

331mm? v7&*u? 9x-hh . 

[0039]^:. 12 2t#83LT , t^h^^tr 4 : J 
?tvy <)V?&2 2<rmmzr>\^xwm$h. t-r. A 

^wf- 1 1 ^^sta^cox-r s^u? -f )v?\ztt\^x-n 
m^fr&mzAjjzti. muzmm? -yy-m^? ? 3 

3lZftj]Zft&. — A^]^3 1*>4>S®^ 
<7)W$B^S«^ -y Tifc-b U??33lzMLXX^ft 

ffltSf^ -f /P?£S3I:y- y:r&<7)tf??8t;:#M$ 

y 

[004 0] 03£#MLT, 01tC^rT^-r 
>r ^ /P^g52 2<7)piffl^rfl|^coffic7)giJ{c-s>v^ 

iftlB-f a. H3tct>v^T, l mifePf-ffcfttcStr&A 

■h^. 3 limm? yy^ntiitssfr^coAjiffi?. 1 
2 4 1 js-y-yro y ? izftm LWMizmm 

Lfc-r* t J9A>-7 4)V9* 3 3ttmm? yX^L^U?? 

x-hh. 

(0041]»:l:. 03 Z^mtX . *»*»*Br3£r ^ 
^;P7-f^^g?2 2<7)l6mc'>v^Ti»Bj-r^. a 
^jsg^ 1 1 fr&Knc^Sft^ftttaf** iSftuy < 

<DliiJlfrL>mm?/7%L*:U??3 3lZlgMZfth. — 

fi. A^ag^ 3 i *^«Sf^ yT&otiJ^'SSi? yy 

$Sl±l'??3 3lzttLXA?>ZftZ>. itit? 7 7**1' 
99 3 3TH. -f-<?)S31^ y7^^J55br, d^&x-f 
i^Jl^-f/l^fcaiRU g^ yT-ifc-feL-?^ 3T 
^FS^x-f ^7/1^7 ^ /\s?t;s<;-4/*X-t&Zklz£ 

-f ~s?)Vy * )V? . 
[ 0 0 4 2 ] mz, 124 Sr#?3LT . 0 1 ^-rgjffi® 
aS82 4cy)P*ffl^«<7)-0lJtCO^TittBJ-rS < , 04 £ 



(c&tvt. 1 1 iiWWmiV&lztt'th A^ft-^ATJ-f 
SATJiaHF, 2 nismtt^^/^w-t&gw^ 
A2|-f&A7JJSB% 5 niKtUL^JlSfi^-iftffi-^Sr 
MM? yy-^Mtii^2 Siz&ji-th&lym-. . 5 2<i 

[0043] lilT, 04 £#B8LT. frfr&W®M.&%l. 

2 4coimi l z^xw*f\-i-h. A^ass^i i*>4> 
wmmmizm-hxtim^tfA-tiZixh. *lx. a 

^3^2 1 Kl2Sigd-v#A*l£iT.£. ^^2060^ 
<S04^-TJ:dtc, jl®S£tH^2 4c7>IBi-Kaig?5 2 
(C A^J $ ft , -5- i T --t ^ 2 o<7)fi-^<D£##g!ii $ ft 
-eco3l^-«SS*S:ajgP5 3izAjjZft. S5£i» 
tBSB 5 3 (ct>V ^TH^OA# ^rg|5»tcA73fl-^OSS^ 

[0044]^. 05^#B3LT. BltC^iiSflC 

aigP2 4<?)i¥»«^ffic7)Wcov%TSiBS-t?». . m 

5lZi5^X. 6 HmmmtTJU^V XJ±&2 3frt>cr> 
9 yy-imcOffimZAJl-t&AJjiQ?. 5 1 ItMiH Lti 

mmm.z&tfm^£mm? yrssi*a5gs2 sizmij-tz 

aj^ffi^ , 6 2 Ji^ y ^ 77 

«^S^Si5. 5 3tiA*m^<y)R3*&<OSIffi«£3SiiJ-f 
[0045] WT. 0 5 5:#?I LT . *»*^jiSj:aigP 

2 4commz-o^xw.w-rz>. ^^lh^atj 

m&*mirr 4 it? ivy OV9U2 2km&mtTiVzf 

vxj>®2 3xffi&i$ftt:%LBmmizi5^ximmt 
*9m*h. -femmk mizm%fiMz%*>&<smt% 
<. m%&mtLx. *mm<o&mx'ii. 20007- 
rmfflgmmzm^fz > ^ y7-^c7jffl$g^jg^ 

-ftr^rf»JXA^2 3*>^^ yr«S:^«ge6 21CA73 
LT^>y7-ffiSt$rl^-r& <> ^UT, * -y T«8iStE£1£gB 

6 2 t ^ y Tm^^itAinm-t h . sss^ttjgp 5 

3tCt}V^-C(S. ^ y r^iSfco^bfi^A^^r? y7-c7)(5 
[0046] feLhlKHJ J: o iz. *mk<7)Bmiz Xft 

A^fi^osjt^^jigs-^aj-rsiiffiwaigpt . atj 
fi-^cosw^^ffitw ^ ->x Ajjm^omm? -yxm: 
w&thmm? yT&muBt . sa^ yrscox^^' 

•y :T&<y)ifc®3HtT/U 'J X^gp i: ^ISftS ^ i: (c J: o 
?S0^tS(cM^-.g.A^fi-f-^ov^TSiS^^ yr 

«0S^tH7j t x -f : J?)Vy 4 )\s9<r>\H,-hi>'<*>\'b 

[0047] C^«0SI2<7)^JI^®D WT, 065: 
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mmv&^m&Ltz^xmm-th. m6a*m\<?>ws2 

0 7?it*S. 06fcfcwt, 1 1 liSypfHfctll::** 
[004 8] 12^^!^. 2 2i2:?yXijt£ 
T/ksf y XA& . 2 5 OAafi^aKAttfcOiIK* A 

jwurcfc o . ei±i*b 1 ams t ibi«^ t> ot* & . 

[00491 06 lZtt*ftBf&>m2com&<?>BmiZt5 
WC. 01<o8§j£fcH3:6eD<2, *Stft0>£B<z*Stvc 

9 -y-rminwith-sm^ -v -rmiy&u 1 3 1 l 

[0050]^;. 06£#!8Lt\ *^c0^2coH 

-th, &-r. A^ss^i 1 izx^tifzi&mmt^<D 

Xj)m*TliD/\Jttg.iii&7 2lzXjJ$tlZ>. D/Uifc 
»UJSP7 2(ct>V^T. -5-<7)A^fi^<7)D/Uitt2i5:^ 

Cifc5 D 9 gtfj3*u 

[00 5 1] 

[»5] 

D/U=2 0- log,olX,/(x-d) I 

[0052] zcDD/vibiomwZigm? v-mMm® 
^ ! ^^ y7^»aia57 3T'fltai-r4. mmr-vrmi 

tbSP2 5"Ci2. fi&^yXmSrnu yXfitSrT, 

[0053] 
[»6] 

m= c +T 

[ 0 0 5 4 ] vTffc*tbgS2 5(C*5V^TSJi^ -y 

mmzx^xw&'mktfi&tiLZtii,. ^mtb^Bmiza 

^X t , -fifrf -f *7 4 n-?gB 2 2 o«li£(20 2& 

una 3 tc^ l >t t, <r> t mmx-h h . 

[0055] fclhOtracoi o (c, *HfilCT(c 2ft(f , 

^^-fbSs^wA^fi^tS^fi-^t tc i oTA^fi^- 



7 ^ t , y 7TOSgg^kr;u^ y xx>g?£ 

ffctt 4 i i: J; o T . aWBS^^Aafi^tcKMr 

? y ^^-c^^fti&tT d £ k tfx-z . gmm^om® 

m*'\^<-t$>zktfX'£&. 
[0056] imxr>m3<r)mm<?>&mi ut. m7 z 
mmLx. *WR<r>m3<Dm&r>mmiz&tfz>mmL®. 
mmmomtiuz^ ^xmmt h . m i 3 
comn^mmiztuf^mfimmmmm^m&^-ty 

•r-i.A^fi#^A^-r.?»A^i«^, 2Ki«matj^K 

;USr^-fSSJifi-^5rA^-r4A*^. 1 2tiiHijm 

fc*^A*«-f-<7)s*rifecoiiffi^^ttj^-4ji®^ttjss, 

2 5(iA^m-t^^*f^a®A^A^fl-f-tc«t^e 
jS^T^ yXa^ffiii^-4^M^ y T&g.ftSlX'hiX . 

[0057] 07 lZtji-t*?kty<7)&3comi&COBmiZti 

{2, ^-r-f ^^7^;l-^^2 2<7Dfiii)'){cas^7 r 

ri y XAgP 2 3 Oft;b 0 tfiS^ -y 7lS * ffl V^T r ^ y 
-f^^gPO^ y^^^g-TSi ^icL^jSie^ 
BmtTJU rf y XA35 8 2 L it i i: T'fc l» . 
[00 5 8] mz. 07^#MLT. *^C0^3<0^ 

A^l^l 1 *^^jS»^ft§stcm-4 A 

-nm^kx-n^-2 ifre><7mmm*?tiz£ o±k*^ 

g52 4S^®^-y7"S«aig)52 5TffV\ A^fS^cO 

sm^ >y y^Mia-t^ . msmmmtTfisziy xj>m 

8 2{2^<?)fiSi^ v 7-^355 tT^^ftT^^yXA 

mmmtT)^ y xasp 8 2 1 tc <t 0 . «® ^ y 7*&£ 

[00 59] OT, 08&tf09£#BBLT, 07 tc^ 

-rjSie^^-ftryprf yxAgss 2<op»=s:ii^jic-p 

V^TtKB^-^,. 08O^tC*5V^T, 9 H2SS^ 

■y7^majg?2 5*^^A*^, 9 2(2x-f 

^^gJ8 1 ^(OtHtl^T. 9 3 J2S3S^ y 7f!tffi$83r 
gftT. -b>^-^ yXcolil[M$r»{ll^-4-fe>-^-^ y 
^CtiSS?. 2 3{2A^m^tJ±}73fi-^fc-fe>^-^yT 

^ •yx«a^^ai-r4«yg^«:T^d'y xas5tj>6. 

[0060]a:C, 085r#rc?LT, 08<7)fi?il{c*>tt4 

®K«^-(kr/u y x Ags 8 2 <r>mmz^ k ^xmm-t 

h. ^-T. SiS^ yXS!cKaia52 5*^^SiS^ yXSS: 
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XS£mfc-f6i:. -fe - ? y 7V>{iSc ii#3S CSt 

7} lz£*)##>e>ti&. 
[00 6 1] 
[»7] 

c = N - m 

[0062] Zn&otzLX&ibtz-ty?-? yT(OilL 

•fe v ? - ? y 7V){a« c tcaue ufc»WHkr^^ u x 
j± ^mmitr^ =r u XAgp 2 3 rs©8i l . ztuzms 

Ltz9 7«S:f^ i^/l^ * tV-?U& 1 tc*^ LT 

gjs^ vT®.izn&Lt:mm.zft o x o tz Ltzz t izx 

XA*82t(:J:oT, vTWUzmttzmWKWi 

jtmitzmss.-? h z t tfx-% h . 

[00 6 3] WlZ. 09£#HSLT. Wl9 <r>m<,Z}5» h 
jgJ&fcJE^tT/l' r/ U X£,m 8 2 ^PSBSrflffiSfiaK;:^ » 

2 5*>^A^3^, 9 2^7"^ is?)V7 <)V-?&8\ 
^eOitJlJjffi^ 1 0 l{4S®^ yrS:1f$fi2rS{tT<fiffl 

-r^Wfrv^ yTgc^atffi-r&^g? -yrifcaraj 
m^xmmtzttj&t&? y-rvm.*n\&irz>wmsm 

[0064]<J:t: > 095r#BgLT, i9iOMl:t3(tS 
SlS&^HtT/l^'JXAgflS 2C0©f^{Z-^V^-ClKBy1-r 

6. t-r. x^m^9 iizmm? y?-3m\!&%t.25ti>t> 

<7>&iS;$>yXSSttit$8£A:>jU T^yXfSdftBgPl 0 

4 i J9)vy 4)\,?<r>? -j^r^z^^ mm? 

[0065] 
[»8] 

1 =N-m 

[00 66] ZCO£o£LX$<lt>tz*m? v7%Sl. \ <7>ffi 

mzwiffimitT>i> =f u x^gp 2 3 tci* 0 . >Rg * y r<o 
MMzaMtte 0 offi^^-rs^^-ftr^^ u x& 
z w&mLTK * 0 XAgg 2 3 1 . ttiizmm l 

tz* y 7%m.*if < 4 >\,?m& 1 IZiiiJ} LTfi 

XAgg8 2ttc«t-oT, ra*?r»fc«tfca«$rS 
[0067] VXt.<7>£ o iz. *Hi6Wc Xtili . 

ttSs^ATjii-^c: i ->t A?jft^3i®$r^Lai-r 



Ofiil? y T^^ffi-T -&g3I? y Xg^iiiSBi: . SM 
? yy^Uzm~3Zm.iiil,fz?-yT{&%.$:m^X. X-f 

x-mmm^'no z t tfx-% . «^-§-<os^ai^ 
<-$z>z\ttfx-%h. 

[0068] C»HB<0lg4 coHJfit^BS] UIT, 0 1 0 

m&mu&vmmz^xwm-h. mi oiz&s&m 
m4 wmkoBBiz&w h mimmmmt2zcDmf&.Z7F 
-tva-y^mx-hh. iiocfcut. 1 nmmmt 
mzm-zx-hmmx-h'thx-h^. 7i«d/u 
it^n^Ziam^m^m^x^hx^^. 1 2*4 

{ti^STF. 2 5<iA^fi^<7)Kftf^M®*^A*fi-^ 

izmttzmm*? •y7m*m.&-$-hmm? -y 7^«ai 

SB. 8 lliilSOx-r ^'^;U7-f ;P^gS, 8 2J4SjS^ 

•r s x o (,z l tzmmm&mtriv i o xm.su s 2 x-s> 

[0069] &Ltam 7 izm-twmm, 3 <?>mm<omm 

izt5i-t&mf$.tmm*i>ox'h& . a 7 

i><7)(4, ia6(c^-r^Bflo^2coi^feco^ffi{c±3(ti,ti 

jftkRHJlfc:. j»6»aj*2 4S-fieffl-arr, D/uJtS:tii 

7 2 ai/^ ^ -y yfm ttja? 7 3 ^ l i t x-h 

m^X. D/UJt»tt!gi57 2&tX^^ -y7^mai 

gp 7 3 (5 . as 2 (^^(mmx-mn ttz^t mm%® 
ft£'fri>\ *cotticD7Ki y7i^ m7iz^-t^m<om 

izx-yxw&mtzmm-zzttfX'Zh. mz. zti 

[0070] KLh. mviLfz x 0 iz^m&o&mizxti 
mmwit&^coATjm^tmmm^tizjiiXAjj 

<r>D/\tt£frt>!£m%? •yzmzntiiT& ! &m? yX& 

mm?-y7$iniii®t, mm? •vm.zm^x? < 
ivy i )V?<n>? -yy^^-thW&mtrtv^^XM 
gpt. ii^x-f iSftL-yjji-ftZWr&ZttzJ:-* 

x. immit^<oxxm^tzmm%? ■yy-&x-wm 
itz'ti ozt tfx-z . mmm^mm&j} i^^t •? < 

[007 1] 

^xxm^n&.smnmmzmmMiii&X'niiiL. mm 
niii®x^frfzx*m^<r)&.mm<7)mmfrt>xjim^iz 
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Jt^-yT&gteai^U t4 ^;P7^yu^S:fiaS^-y 13 

Ajim^iz&M* ? y -mx-mmmti: mzttf-cz 15 

?<7)liiJ]l"<!Ut <7>fglcr>ZMmg*'i^ < L d h&tlti 2 1 

mtmL$mwit%szm$.-fh z t h. 22 

im®<ot$mmw] 23 

[01] *%Hjom 1 vmmcoBmizte v&mimwiB 2 4 

mt&nmtiLZ^-tyv ,9m 25 

[02 3 0 1 (c^-r^x -f ^ >v?®<nmwfe 3 1 

fSSl£<0— CTSrijcf 7*o > y ?0 3 2 

[03 ] 0 1 fcr^^x-f 4 rt^gBOPMSr 3 3 

^Offe<7)CT5:^-r7'D-/^0 4 1 

[ 04 ] 0 1 (c^-ras^ajieiopjB^fiiBKco-CT 5 1 

t/Dy^l 5 2 

[ 0 5 ] 0 1 K^aMgtt^fSNB^&O^CT* 5 3 

*t/D7?l 6 1 

[06 ] *wm&2<r>m&<mm^vhmmm& e 2 

mmcom&iTsk-tyo -,70 71 

[07] #%ajj<7)sg 3 a » s ®ic^&© 7 2 

#*L#§<D*8fi££^:/D y ? 0 7 3 

[08 ] miiz^mmmmtT^dfvx^nmM & 1 

%ffif&<7>— mZiK-t fa ytm 82 

[09]07 iz7K-tmmm.Bm tr >v v >j x^eomm 9 1 

%ffi$L<r>mr>m £ St7o -y 7 0 9 2 

[0ioj *w*Mcom4 (nmmn&mtz&v hm&mwi 9 3 

mmmomm: uttm „ 70 101 

[01 1 ] mkwmfmm&mHt&coffij&mz^-tya 131 g?£$§ 

■x^0 132 

ivt^nmm 133 in»3§ 
1 1 Mim- 



h^XXK— V!l>y 4/1*9 
~*F£rf 4 ¥9 )V7 4 

mzmtT/i'JvxAU 
ssca^T-'-f is-riv? 4)v? 

7 s 4 ~S9)V7 4 1V9U 
A7JSS^ 



[02] 

— 22 TO?* f**? 



V 



> 



3 1 



— hITT^vtTaT] f 

« • • I I — I ■ — J I 



3 3 



-7 



I 2 



3 2 DrtIftOf^^^7^^ 



1 1 



[03] 

— 22 ■TS5 r ^^iP7^/w0 



■7* A* 



33 



7 
17, 



2 



(10) 



4*^9-4 627 5 



1 1 Axm=F 



n 



2 2 



* 



2 4 



t 2 



2 3 



2 5 



2 1 AflW (g*£{I^> 



[04] 



i 1 AasSrF 

i 



X 



2 4 Sil^ffiSJ 



2' 1 A*iSfiP l - 









— » 



7? 



5 



[05] 



6 1 ATjSSbtP 

I 



6 2 5 3 [ 



2 4 giisrmss 









— » 



1 



5 
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[06] 



1 1 AlftSaB 1 

I 



2 2 



r 



D/Uit 



7 1 A^iS^ 



7 3 



1 2 




2 3 



2 5 



[07] 



1 1 A±>%r¥- 

i — 



n 



± ± 




x 



2 4 



L 



2 5 



2 1 A^jSs^ 
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^-8 2 mfc®Mm<lT)\,-lVXAM 
9 3 £ ^ 2 3 



T 



9 1 AJj*%T 



7? 



9 2 



(©jS^^St 1 ' &t)$%=F 



im9] 



i o 



8 2 m&mmit7Ji>3vxi>w 



pt— £ 



9 1 A^Jfr? | 



mass 



7? 



| 9 2 



(*5S**:/I3c 1 ' 



[010] 



1 1 A^«^F 

I 



8 1 



r 



CI 



D/Uit 



8 2 



7 3 



2 5 



1 2 
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[01 11 



11 A* 



^\ 3 1 
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